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The need for the optimal use of land, without a yield penalty, in urban and peri-urban (UP) settlements is 
vital. This study investigated the effect of intercropping madumbe and rice with respect to yield and land 
productivity when irrigated with anaerobic baffled reactor (ABR) effluent under different irrigation water 
management techniques. It was hypothesized that intercropping under different irrigation water management 
techniques has no effect on the yield and land productivity. Field trials were conducted in the 2017 and 2018 
cropping seasons with ABR effluent (without fertilizer) at the Newlands Mashu Experimental Site, Newlands 
East, Durban, South Africa. A randomized complete block design with 3 replications; cropping treatments 
of sole madumbe, sole rice and madumbe + rice (intercrop) and irrigation treatments of alternate wetting 
and drying (AWD), continuous flood irrigation (CFI) and wetting without flooding (WWF) was used. Growth 
and yield parameters at harvest were determined. Thereafter, land equivalent ratio (LER) was calculated to 
evaluate the productivity of the intercrop. The effect of intercropping was significant (P < 0.05) on the total 
number of irrigation events and total water use. There was a significant reduction (P < 0.05) in plant heights 
of both madumbe and rice at intercrop. However, the effect on plant height for treatment CFI was positive 
but not significant (P > 0.05) for both seasons. A significant (P < 0.05) reduction also occurred in the number 
of madumbe leaves/plant, and panicles/plant and tillers/plant for rice. Intercropping significantly reduced 
(P < 0.05) madumbe corm and rice grain yield over the two seasons relative to sole cropping. LER showed 
that intercropping madumbe with rice was not more productive (LER < 1) than sole cropping of madumbe. It 
was concluded that over the two-season period, intercropping madumbe and rice do not yield appreciably 
under any of the three irrigation management techniques applied and the study hypothesis is thus rejected.
INTRODUCTION
Agriculture in the future must produce more food from a reduced area of land through more 
effective use of resources with a negligible effect on the environment, so as to satisfy the demand 
and needs of the growing population (Hobbs et al., 2008). Intercropping is an old practice that is 
placed on the fringes of a ‘modern agriculture’, controlled by large areas of sole-cultured, resource-
consuming and high-yielding crops (Brooker et al., 2015; Yang et al., 2011; Zhang et al., 2010a). 
Intercropping is a farming practice involving two or more crop species, or genotypes, growing 
together and coexisting for a time (Brooker et al., 2015). This does not necessarily mean that crops 
can be planted simultaneously, but for two or more crops to be together in one field, throughout 
their growing season or in a timeframe. It is, therefore, possible to plant at different times (Dariush 
et al., 2006; Mousavi and Eskandari, 2011). Intercropping could be a means of addressing some 
of the main problems related to modern farming, such as pathogen and pest accumulation, 
environmental deterioration and degradation of soil (Brooker et al., 2015; Rusinamhodzi et 
al., 2012) thereby promoting more sustainable and productive agriculture (Dordas et al., 2012). 
The intercropping strategy could consist of a combination of annual/annual; annual/perennial; 
or perennial/perennial crops (Eskandari, 2012). According to Mousavi and Eskandari (2011), 
intercropping is categorized as row, mixed, strip and relay. The advantages of intercropping over 
sole cropping include conservation of soil, promotion of resistance to lodging, yield advantage, 
and control of weeds (Takim, 2012). Successful intercropping must take into consideration the 
maturity date of the crop, plant compatibility, planting density (plant architecture) and time of 
planting (Seran and Brintha, 2010).
The demand for freshwater is increasing; therefore, higher quality water is conserved for domestic 
use whereas that of lesser quality is suggested for irrigation (Al-Rashed & Sherif, 2000). Municipal 
wastewater is considered an attractive source for irrigation because it is less expensive and is 
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Sherif, 2000). Furthermore, it is a valuable source of organic 
matter and plant nutrients necessary for maintaining fertility 
and productivity. Nevertheless, water reuse for irrigation 
may possibly generate environmental problems when not 
properly managed (Kiziloglu et al., 2008). Appropriate water 
management for irrigation is of utmost importance to preserve 
water resources both quantitatively and qualitatively in order 
to produce more food with the available water (Mermoud 
et al., 2005). The anaerobic baffled reactor (ABR) plays a 
role in wastewater treatment and recycling with its creative 
construction and outstanding performance (Zhu et al., 2015). 
Decentralized wastewater treatment systems (DEWATS) are 
widely used in both developing and developed countries, work 
with little or no energy input, and are reliable and robust. 
Limited sludge is produced, the operation and maintenance 
(O&M) requirements, and the requirement for highly skilled 
personnel are low. Risks associated with system failure are 
reduced and wastewater reuse opportunities increased (Singh 
et al., 2009). ABR effluent contains mineral elements such as 
phosphorus and nitrogen, which are significant for plant growth, 
whereas eutrophication and loss of aquatic life can result when 
the effluent is emptied into water bodies. Effluents from ABR 
have been proven to meet the requirements for irrigation with 
regard to the removal of organics such as BOD or COD for 
reuse (recycling) in agriculture (Musazura et al., 2015b). The 
rich nutrient content, e.g., ammonia and phosphorus, present 
in the effluents may be considered a valuable resource from an 
agricultural perspective (Musazura et al., 2015a). Heavy metals 
are of lesser concern for irrigation when using treated domestic 
effluent as a source of recycled water because they are effectively 
removed during common treatment processes (Toze, 2006). The 
majority of the metal content of raw sewage ends up in the sludge 
settlement partition (Toze, 2006).
Alternate wetting and drying (AWD) is a water-saving irrigation 
technique which aims to reduce the total amount of irrigation 
applied in a season. This is done by optimizing the frequency, 
duration, and intensity of irrigation applications in a way that 
crop productivity is not endangered by the decrease in total 
irrigation water (Moya et al., 2004). Irrigated fields with a 
ponding water layer of 5 to 15  cm during the growing season 
are referred to as conventional flood irrigation (CFI) (Bindraban 
et al., 2006). The 100% saturated condition is another irrigation 
management technique (Ruíz-Sánchez et al., 2011), referred to as 
wetting without flooding (WWF).
Madumbe is a relegated tuber food crop. Its neglect as a food crop 
has resulted in food insecurity; consequently, its production will 
play an important role in contributing to improved food security 
(Kamwendo and Kamwendo, 2014). It has occupied 14th position 
as the most consumed vegetable globally, yet has received 
inadequate scientific research attention from either agricultural 
or academic institutions, and is therefore classified as a neglected 
and underutilized crop species (Kamwendo and Kamwendo, 
2014; Tumuhimbise, 2015). Rice, in the family Poaceaee (grasses), 
is the major source of food for half of the world’s populace, 
including thousands of families in Sub-Saharan Africa (SSA), 
and is also the principal water user in agriculture (Lampayan 
et al., 2015). Imports account for about 40% of rice consumed in 
Africa, which exposes Africa to potential global market shocks 
or food crises (Seck et al., 2010).
There are no reported studies investigating the effect of different 
irrigation water management techniques using ABR effluent on 
the growth and yield of either madumbe or rice. There are also 
no reports of an intercrop of madumbe with rice under different 
irrigation water management techniques in terms of yield and 
land productivity, using treated domestic effluent. This study, 
therefore, evaluated the effect of intercropping madumbe and 
rice on growth, yield and land productivity under different 
irrigation water management techniques with ABR effluent 
water. It was hypothesized that intercropping under different 
irrigation water management techniques has no effect on the 
yield and land productivity.
METHODS
Site description
Field trials were carried out at Newlands-Mashu Research site 
(29° 46’ S and 30° 58’ E), located at Newlands East, Durban, 
KwaZulu-Natal Province, Republic of South Africa (Fig. 1).
The trials were carried out over two seasons (2017 winter and 
2018 summer). The soil textural classification was a clay loam. 
It is a humid subtropical climate with hot and humid summers 
and pleasantly warm and dry winters, which are snow- and 
frost-free. It has an annual rainfall of 1 009  mm. The average 
temperature in summer ranges around 24°C, while in winter the 
average temperature is 17°C (Table 1).
Planting material
The madumbe landrace was obtained from Umbumbulu rural 
district (29°36′S; 30°25′E) in KwaZulu-Natal Province, South 
Africa, and rice seeds, FARO 44, was obtained from Ilorin, 
through an accredited supplier, Premier seeds (8°30′N; 5°00′E), in 
the north-central part of Nigeria. Madumbe was planted in July 
Table 1. Average temperature, relative humidity, and rainfall at the experimental site
Month Average temp. (°C) Relative humidity (%) Rainfall (mm)
Max Min Ave. Max Min Ave.
Sept. 2017 25.58 14.12 19.85 94.27 48.22 71.25 30.36
Oct. 2017 27.03 15.35 21.19 93.99 47.31 70.65 54.10
Nov. 2017 26.64 16.42 21.53 94.15 50.36 72.26 70.44
Dec. 2017 28.27 19.39 23.83 94.93 56.96 75.95 86.61
Jan. 2018 29.98 20.20 25.09 94.92 54.29 74.60 123.28
Feb. 2018 30.10 19.73 24.91 95.33 53.35 74.34 70.79
Mar. 2018 29.80 19.27 24.53 96.76 54.65 75.71 88.73
Apr. 2018 28.19 15.98 22.09 95.92 47.05 71.49 12.53
May 2018 27.41 12.67 20.04 96.99 41.88 69.44 75.35
June 2018 26.13 9.64 17.88 95.34 33.65 64.49 2.79
July 2018 24.98 7.92 16.45 93.98 29.55 61.77 2.54
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2017 (Season 1) and in December 2017 (Season 2), while the rice 
was planted in September 2017 and February 2018 for Seasons 1 
and 2, respectively. Madumbe seedlings raised with freshwater 
for 2months were later transferred and transplanted into the 
prepared field. Seedlings were washed and soaked in salty water 
for a day. They were then incubated at 30°C for another 24 h 
to stimulate strong germination, as suggested by Mulbah (2010). 
Seedlings were raised in a seedbed for 14 days. The rice seeds 
were later transplanted to join standing madumbe on the same 
plots at 2 weeks after planting. Relay intercropping was adopted 
in order not to allow for competition, since madumbe has large 
heart-shaped leaves that may affect the growth of a grass family 
crop like rice. The intercropping was 1:1 (1 row of madumbe to 
1 row of rice). The intercrop spacing was 0.5 m while intra-crop 
spacing was 0.5 for madumbe and 0.25 m for rice. This gave rise to 
a population of 40 000 plants/ha for rice and madumbe. Periodic 
weeding was done and no additional fertilizer was added since 
the irrigation water contained nutrients such as ammonia and 
phosphorus. There were no plant diseases identified during the 
trials; hence, no insecticides were applied. Different scarecrows 
were used in order to prevent birds’ from feeding on the rice. 
Crop selection, i.e. using crops (madumbe and rice) that must 
be boiled before eating, and limiting human exposure through 
choice of wastewater application method are some of the 
ways to safeguard farm workers and their households when 
using wastewater in agriculture (Scott et al., 2008). The people 
working on the farm must use appropriate protective clothing 
– long gloves and shoes, and practise handwashing with soap. 
Laborious health training programmes and vaccination against 
typhoid and hepatitis are worthy of consideration (Scott et al., 
2008).
Experimental design
The experiments (both seasons) were laid out in a randomized 
complete block design (RCBD), replicated 3 times. 
Randomization was done using Kutools for Excel software to 
avoid bias (Kutools, 2017). The component crops were madumbe 
and rice. The treatments included madumbe and rice sole 
cropping, and intercrop. The treatment combination is presented 
in Table 2.
The experimental plots were 3 × 1.5 m. This resulted in a total 
of 27 plots (Fig. 2) in the field with 9 plots in a row (block). Each 
of the plots was separated by bund (30 cm wide at the base and
Figure 1. Layout of the study area at Newlands East, Durban, South Africa
LEGEND
A Security post B Anaerobic baffled reactor (ABR)
C Anaerobic filter (AF) D Containerised DEWATS container
E Membrane wet chamber  F Membrane dry chamber
G Sludge drying bed (SDB) H Switch box
I Submersible pump J Siphon chamber
K Growing tunnel L Effluent JoJo tank & surface pump
M Vertical flow wetlands (VFW) N Horizontal flow wetlands (HFW)
O Office / laboratory P Soil preparation shed
Q Weather station R Trial field & effluent points of discharge
Table 2. Treatment combinations
S/N Treatment code Treatment detail
1 AWD-M Alternate wetting and drying with 
madumbe
2 AWD-R Alternate wetting and drying with rice
3 AWD-MR Alternate wetting and drying with 
madumbe and rice
4 CFI-M Continuous flooding with madumbe
5 CFI-R Continuous flooding with rice
6 CFI-MR Continuous flooding with madumbe and 
rice
7 WWF-M Wetting without ponding with madumbe
8 WWF-R Wetting without ponding with rice
9 WWF-MR Wetting without ponding with madumbe 
and rice
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20 cm high) to isolate them from adjacent plots and to prevent 
run-on, run-off, lateral-in and lateral-off in each plot. To prevent 
seepage, polythene sheets (250 µm thickness) were pushed into 
the soil to a depth of 0.6 m and also covered the bund. The 0.6 
m depth was adopted with consideration to the root zone depth 
of madumbe (0.5 m) and rice (0.2 m), though Tan et al. (2013), 
Zhang et al. (2010b), Pascual and Wang (2016) have suggested 
0.5 m, Ye et al. (2013) used 0.3 m, and Yao et al. (2012) suggested 
0.2 m as the depth to which to bury the plastic sheeting.
For all the treatments, PVC pipes of 110 mm diameter and 
400 mm length were installed in the field, keeping 200 mm above 
the soil and the remaining 200 mm, which was perforated with 
16 mm diameter holes at 40 mm intervals (Fig. 3), underneath, 
to measure the depletion of irrigation water in the field and to 
instruct when to irrigate (Cabangon et al., 2011; Lampayan et 
al., 2015; Oliver et al., 2008; Price et al., 2013; Ye et al., 2013). 
Irrigation water was applied through a network of pipes that 
were installed in the trial field to facilitate irrigation application 
and measurement. The network contained PVC pipes and 
fittings of different diameters, ranging from 15 to 25 mm. Water 
applied in each plot was measured by the level of water inside 
the observation tube wells (Fig. 3) inserted in each plot. This is 
dictated by manual observation of the water level in the water 
observation tube, with the aid of an improvised lightweight 
foam (polystyrene). The amount of rainfall was obtained from 
the on-site weather station. Irrigation water was applied when 
depletion of the water table inside the pipe reached a certain 
level. The CFI was continuous submergence (50 mm standing 
water); AWD was an application of 50 mm irrigation water depth 
when the water level in the pipe fell 150 mm below the ground 
level; WWF maintained the same water level in the observation 
pipe with the ground level of the field plots.
Data collection and analyses
Quantitative information related to number of irrigation time 
events, amount of irrigation applied (mm), total water use 
(irrigation plus rainfall – mm), plant height (cm), number of 
leaves per plant, corm yield (t/ha) for madumbe, plant height 
(cm), number of tillers per plant, number of panicles per 
plant at harvest, and grain yield (t/ha) for rice were collected 
and analysed for both seasons to determine the effect of 
intercropping and irrigation water management techniques with 
the use of ABR effluent as irrigation water. The plant heights for 
both crops were measured with the aid of a scale rule while leaf, 
tiller and panicle number per plant were counted manually. The 
yield of madumbe was determined according to the method 
described by Gebre et al. (2015). Three samples of harvested rice 
grains were randomly obtained from each replication; initial 
Figure 2. The layout of the field trials (above) and cross-section A-A (below)
Figure 3. Field water tube/observation well (adopted from 
Lampayan et al., 2015)
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weights were recorded. The final weights were recorded after 
oven drying at 70°C for 72 h; subsequently, the grain yield was 
adjusted to 16% seed moisture content. Land productivity of the 
intercrop was determined using the land equivalent ratio (LER) 
as described by Mead and Willey (1980), Ibeawuchi (2007) and 
Chimonyo et al. (2016):




where LA and LB are the partial LERs of madumbe and rice, 
respectively, YA and YB are the intercrop yields of madumbe and 
rice, respectively, and SA and SB are their respective sole crop 
yields. When LER >1, it signals yield advantage, and LER <1 
a yield disadvantage. Data were subjected to a normality test 
using both skewness and kurtosis for numerical outputs and 
normal Q-Q plots for visual outputs. The two methods showed 
that the variables were approximately normally distributed. The 
data was then analysed using the ANOVA algorithm in GenStat 
(Version 18) (VSN International Ltd, UK). Duncan’s Multiple 
Range Test (DMRT) was used for mean separation at the 5% 
level of significance.
RESULTS AND DISCUSSION
Characterization of ABR effluent
ABR effluent does not meet the minimum standards for 
disposal into the environment and water bodies with reference 
to chemical oxygen demand (COD) (< 400 mg/L), total N 
(5–30 mg/L), EC (0–3 dS/m) and total coliforms. However, it 
constantly met the required standard for irrigation with regard 
to the removal of organics for reuse in agriculture. The COD 
indicates the ability of water to deplete oxygen and reduce 
compounds such as nitrates. The average pH in the ABR was 7.27 
which allows for the activity of bacteria to act on the degradation 
of organic waste. The range of 6.5 to 8.4 is the pH requirement 
for irrigation water. The pH level of irrigation water affects 
nutrient availability, corrosiveness for irrigation pipes and crop 
quality, especially in sensitive species (Bame et al., 2014). Total 
suspended solids (TSS) can affect the physical properties of soil, 
and cause salinity problems and clogging. Effluent TSS was 82 
mg/L and a concentration of less than 100 mg/L is recommended 
for irrigation use. Table 3 presents the characteristics of the ABR 
effluent.
Table 3. ABR effluent characteristics
Parameters Units Mean SD Range
Ammonium-N (NH4
+ -N) mg/L) 58.45 ± 0.89 43.73–67.57
Nitrite-N (NO2
–-N) mg/L) 0.53 ± 0.01 0.18–1.00
Nitrate-N (NO3
–-N) mg/L) 0.30 ± 0.07 0.10–0.47
Total Kjeldahl N (TKN) mg/L) 62.91 ± 0.87 46.93–76.20
Total nitrogen (TN) mg/L) 67.67 ± 1.37 53.67–76.00
Orthophosphate (PO4
3−) mg/L) 18.19 ± 0.18 14.80–22.23
Chemical oxygen demand (CODt) mg/L) 276.60 ± 5.03 222.67–295.00
Total suspended solids (TSS) mg/L) 82.00 ± 2.03 67.78–123.33
Dissolved oxygen (DO) mg/L) 1.37 ± 0.05 0.22–3.51
Alkalinity mg/L) 6.98 ± 0.19 5.56–7.87
E.coli cfu/mL) 2 600.00 ± 700.00 2 000.00–3 400.00
pH 7.27 ± 0.05 7.19–7.38
Electrical conductivity (EC) S/m 93.22 ± 0.83 71.57–107.90
Table 4. Effect of intercropping on the number of irrigation events, amount of irrigation water applied, and total water use under different 
irrigation water management techniques using ABR effluent
Season Treatments Number of irrigation events Amount of irrigation (mm) Total water use (mm)
2017 AWD-M 18.00a 847.00a 1 197.00a
AWD-MR 25.00b 1 194.00b 1 544.00b
CFI-M 66.67d 1 684.00c 2 034.00c
CFI-MR 78.67f 2 221.00e 2 571.00e
WWF-M 63.00c 1 540.00c 1 891.00c
WWF-MR 75.67e 2 004.00d 2 354.00d
2018 AWD-M 31.00a 1 498.00a 1 743.00a
AWD-MR 39.00b 1 949.00a 2 194.00a
CFI-M 135.00cd 3 952.00cd 4 197.00cd
CFI-MR 143.00e 4 414.00d 4 659.00d
WWF-M 134.00c 3 290.00b 3 535.00b
WWF-MR 137.30d 3 745.00bc 3 990.00bc
Numbers with different letters in the same column and treatment within a season differ significantly at the 5% level of significance
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Irrigation
Intercropping had a significant (P < 0.05) effect on the number 
of irrigation events, amount of irrigation water applied, and total 
water use for both the 2017 and 2018 growing seasons (Table 4). 
The effect of irrigation water management techniques was 
also significant (P < 0.05) on the number of irrigation events, 
amount of irrigation water applied and total water use for both 
seasons (Table 4). The number of irrigation events was higher in 
intercropping relative to sole cropping. The number of irrigation 
events increased from sole to intercropping by 28% for AWD, 
15% for CFI and 17% for WWF in 2017, while it increased by 21% 
(AWD), 6% (CFI) and 2% for WWF in 2018. By treatments, AWD 
had the lowest number of irrigation events and lowest total water 
use (irrigation and rainfall) and CFI had the highest number of 
irrigation events and highest total water use for both seasons. 
There was an increase in the total water use when comparing 
intercropping with sole cropping, meaning intercropping has 
higher total water use. This was also confirmed with reference to 
different irrigation management techniques.
Growth of madumbe
The plant height of madumbe for both seasons was significantly 
negatively affected (P < 0.05) by intercropping in treatments 
AWD and WWF. However, the effect on plant height at harvest 
for treatment CFI was positive, though not significant (P > 0.05), 
for both seasons (Table 5). The number of leaves per plant was 
also significantly negatively affected (P < 0.05) by intercropping. 
The plant height at harvest for madumbe under intercropping 
resulted in about a 17% reduction for AWD and a 6% reduction 
for WWF in 2017, while a 24% reduction for AWD and 14% 
reduction for WWF in the 2018 planting season took place 
relative to sole cropping. However, there was an exception for 
treatment CFI, which recorded 11% and 2% increases in 2017 and 
2018, respectively. This could be attributed to continuous ponded 
conditions plus intercropping which do not permit weed growth 
(Takim, 2012). Madumbe is sensitive to weed competition 
over most of its growing cycle (Gurnah, 1985). The effect of 
intercropping also reduced the number of leaves per plant 
(madumbe) when compared with sole cropping. The reductions 
were in the order of 21% (AWD), 13% (CFI) and 6% (WWF) in the 
2017 planting season. There was a slight difference in 2018 when 
the reductions were in the order of 18% (AWD), 17% (CFI) and 
25% (WWF). The two seasons exhibited a similar trend under 
the same irrigation technique. The results obtained in this study 
are consonant with the findings of Mabhaudhi and Modi (2014).
Growth of rice
Intercropping had a significant negative effect (P < 0.05) on plant 
height, panicle number per plant and tiller number per plant; 
rice in the intercrop was shorter and had fewer panicle and tiller 
numbers compared with the sole crop (Table 6). The plant height 
of rice at harvest in all treatments showed a 38.5% reduction 
when compared with rice grown as a sole crop, for both seasons. 
The reduction in the number of tillers per plant ranges between 
an average of 75% (2017) and 64% (2018 season). The number of 
panicles per plant at harvest was reduced by 78% in 2017 and 84% 
in the 2018 season, due to intercropping. Intercropping in this 
study resulted in shorter plant heights, fewer leaf numbers per 
plant, tiller numbers per plant and number of panicles per plant 
compared with sole cropping. The work of Sagoe et al. (2004), 
to the contrary, found that rice plant height and tiller number 
were higher in the rice-taro intercrop under a tropical (Ghana) 
climate characterized by the wet and dry season of a typical 
West African country. This could be as a result of many factors, 
such as species of component crops, type of intercropping, 
season, method of irrigation, nature of the soil, and nutrients 
content of the water. The results of the present study may suggest 
inter-specific competition for resources such as space, light, and 
nutrients (Mabhaudhi and Modi, 2014). There could also be 
possible effects of leaf architecture (shading) on rice from the 
adjacent madumbe plants with broad heart-shaped leaves.
Yield and intercrop productivity
Intercropping had a significant effect/reduction (P < 0.05) on 
the corm yield and grain yield of both component crops in 
both seasons (Table 6). The study showed that mono-cropping 
of either component crop consistently yielded higher than 
intercropping. This study showed that mono-cropping of 
madumbe consistently yielded more than madumbe-rice 
intercrop; this is in agreement with the research of Sagoe et al. 
(2004) that found that final taro yields were reduced in the rice-
taro intercrop. There was no competition for resources, such 
as ABR effluent-water, space and light in the madumbe sole 
cropping as compared to the intercrop. The two crops (tuber and 
Table 5. Effect of intercropping on the growth of madumbe under 
different irrigation water management techniques using ABR effluent

















Numbers with different letters in the same column and treatment within 
a season differ significantly at the 5% level of significance
Table 6. Effect of intercropping on the growth of rice under different 
irrigation water management techniques using ABR effluent









2017 AWD-R 107.08b 113.08d 38.75c
AWD-MR 67.08a 28.50b 8.67a
CFI-R 121.33c 91.58c 29.08b
CFI-MR 74.08a 26.42b 6.67a
WWF-R 110.33b 90.83c 24.75b
WWF-MR 69.75a 20.33a 5.25a
2018 AWD-R 122.80b 83.42c 61.42c
AWD-MR 72.60a 33.69b 11.03a
CFI-R 131.00b 79.75c 51.75b
CFI-MR 77.50a 29.53b 7.92a
WWF-R 125.30b 79.50c 47.42b
WWF-MR 74.20a 22.96a 6.55a
Numbers with different letters in the same column and treatment within 
a season differ significantly at the 5% level of significance
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grass family) are both water- and nutrient-loving crops, which 
could lead to resource competition; hence, this may be the reason 
for the negative effect on the yield of both crops at intercrop. 
One of the criteria for assessing the viability of intercropping 
is to determine if the yield of the main crop will not be affected 
(Mabhaudhi and Modi, 2014). This criterion assumes that any 
yield from the second crop is acceptable. This study sought to 
determine if intercropping madumbe with rice would not affect 
madumbe yield; therefore, any yield of rice achieved would be 
considered acceptable. The yield of rice obtained in all cases 
in the intercrop (Table 7) was not comparable to the results of 
rice grown as a stand-alone crop. This is in agreement with the 
study of Sagoe et al. (2004) that reported reduced yield of rice 
in a rice-taro intercrop. Introducing rice reduced the total taro 
yield by about 24%–32% (Sagoe et al., 2004). Row intercropping 
adopted by Okwuowulu et al. (2000) resulted in higher relative 
yield totals of cocoyam (madumbe) for the two varieties used 
but reduced the yield of rice in combinations. The results of this 
study are also consistent with the work of Enesi et al. (2018), 
which found that intercropping of tuber (yam) with maize 
reduced tuber yield by an average of 40% over 3 years across all 
yam densities. Maize grain yield was greater in the mono-crop 
than intercrop.
The productivity of the intercrop was evaluated using the LER 
and the results are presented in Table 8. This study showed 
that intercropping madumbe with rice does not signify a better 
combination option since the average LER over the two seasons 
was less than 1, unlike the LER obtained by Sagoe et al. (2004) 
which signified a better choice in terms of land resource use. 
When LER is greater than 1 or more it signals yield advantage, 
and a ratio of less than 1 is a yield disadvantage (Ibeawuchi, 
2007). Other benefits of intercropping, such as less weeding 
as compared to mono-cropping, were more visible at the site 
during the experimental trials.
CONCLUSIONS
Crop production will have to produce more food from limited 
land space by making more efficient use of natural resources and 
with an insignificant impact on the environment. This is the only 
way in which food production can keep up with demand and land 
productivity for future generations. Madumbe and rice grown as 
sole crops performed better than their intercrop. The number 
of irrigations and the total amount of water used were higher 
under intercropping. Intercropping madumbe with rice resulted 
in a significant reduction in all parameters measured at different 
irrigation treatments with the exception of madumbe plant height 
under CFI treatments, though this was not significant. There 
was a consistent yield reduction in both component crops with 
intercropping. It could, therefore, be concluded that a madumbe-
rice intercrop was not productive over the two trial seasons 
considered, hence, this intercrop is not encouraged based on 
the outcome of this study and the hypothesis that intercropping 
under different irrigation water management techniques has no 
effect on the yield and land productivity” should be rejected. 
Further studies should be carried out to investigate in detail 
the effect of water quality (using treated, raw wastewater and 
municipal water supply) on the intercrop of rice and madumbe.
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